Cdc42, a Rho-family GTPase, is a master regulator of cell polarity. Recently it has been 19 shown that Cdc42 also facilitates proper cytokinesis in the fission yeast, 20 Schizosaccharomyces pombe. Cdc42 is activated by two partially redundant GEFs Gef1 21 and Scd1. Although both the GEFs activate Cdc42, their deletion mutants display 22 distinct phenotypes, indicating that they are differentially regulated, by an unknown 23 mechanism. During cytokinesis, Gef1 localizes to the division site and activates Cdc42 24 to initiate ring constriction and septum ingression. Here we report that the F-BAR 25 domain containing Cdc15 promotes Gef1 localization to its functional sites. We show 26 that cdc15 promotes Gef1 association with the cytokinetic nodes to activate Cdc42 27 during ring assembly. Moreover, cdc15 phospho-mutants phenocopy polarity 28 phenotypes of gef1 mutants. In a hypermorphic cdc15 mutant, Gef1 localizes 29 precociously to the division site, and is readily detected at the cortical patches and the 30 cell cortex. Correspondingly, the hypermorphic cdc15 mutant shows increased bipolarity 31 during interphase and precocious Cdc42 activation at the division site during 32 cytokinesis. Finally, loss of gef1 in hypermorphic cdc15 mutants abrogates the 33 increased bipolarity and precocious Cdc42 activation phenotype. We did not see any 34 change in the localization of the other GEF Scd1 in a Cdc15-dependent manner. Taken 35 together our data indicates that Cdc15 promotes Cdc42 activation specifically via Gef1 36 localization to the division site to facilitate proper cytokinesis and to the cell cortex to 37 promote bipolarity.
INTRODUCTION 40
The conserved Cdc42 is a master regulator of polarized cell growth in fission yeast Gef1-mNG and Rlc1-tdTomato localization was examined in cells treated with 10µM LatA for 30 min. In DMSO treated control cells, Gef1 (red arrowheads) localizes normally to the actomyosin ring. Upon treatment with the actin depolymerizing drug LatA, the ring fragments and Gef1 appears to localize to cortical nodes at division site (red arrows). (B) Top and middle z-series show node like organization of Gef1-mNG and Rlc1-tdTomato about the cortex at the division site in cells treated with LatA. White arrow shows colocalized Gef1 and Rlc1, while orange arrow shows Gef1 alone. (C) Expression of cdc12ΔC-GFP induces ectopic actomyosin ring formation and constriction in interphase cells. Gef1-tdTomato ectopically localizes to these rings that form in interphase (yellow asterisks). (D) Gef1 localizes to aberrant ring-like structures formed in sin and mid1Δ mutants. Indicated genotypes were shifted to the restrictive temperature of 35.5°C for 4 hours. Top row: Inverted max projections of Gef1-3xYFP (red arrowheads). Bottom row: Brightfield images of the representative images above. (E) Gef1 colocalizes with Rlc1-tdTomato in the aberrant rings formed in sin and mid1Δ mutants. Red arrow shows node like organization of Gef1 at the actomyosin ring in sid2 + plo1 + mid1 + control cells. Merge of the division site of control and sin and mid1Δ mutant cells expressing Gef1-mNG and Rlc1-tdTomato. Scale bars represent 5µm. 218 assembly 219 The observation that Gef1 appears to localize to node like patches at the division site 220 upon LatA treatment suggests that Gef1 may also be present in nodes during ring 221 assembly. However, Gef1 is localized mainly in the cytoplasm and cannot be easily 222 detected when present in small quantities at the membrane. Gef1 is the first GEF to 223 localize to the division site and activate Cdc42 . To determine if Gef1 224 indeed localizes to the division site prior to ring assembly, we carefully examined Gef1-225 mediated Cdc42 activity during ring assembly. We monitored Cdc42 activity with the 226 CRIB-3xGFP bio-probe that specifically binds to active GTP-bound Cdc42 (TATEBE et al. 227 2008). In gef1 + cells, CRIB-3xGFP first appears as a broad band at the division site, as 228 it is lost from the nucleus, 8 minutes after the Sad1-mCherry labelled spindle pole 229 bodies (SBP) separates ( Fig. 2A , red arrowhead, 2D). However, the actomyosin ring, 230 visualized by Rlc1-tdTtomato, does not fully assemble for another 4 minutes ( Fig.2A,   231 blue arrowhead). This suggests that Cdc42 is activated at the cortical nodes before they 232 completely condense to form the cytokinetic ring. In contrast, CRIB-3xGFP does not 233 become active at the division site until ~44 minutes after SPB separation ( Fig. 2B , red 234 arrowhead, 2D). Thus, although Gef1 cannot be directly detected at the division site 235 during this period, our findings suggest that Gef1 specifically activates Cdc42 as the 236 ring assembles (Fig. 2B ).
Gef1-dependent Cdc42 activation appears at the division site prior to ring

237
While our data suggests that Gef1 associates with cortical nodes, its localization is 238 independent of the early node protein, Mid1. Since Gef1-mediated Cdc42 activation 239 initiates during ring formation, we posit that a later node protein may recruit Gef1 to the 240 division site. One of the last proteins recruited to the cortical nodes before ring formation 241 is the F-BAR Cdc15 (WU et al. 2003 Table 1 ). We find that Gef1-tdTomato 271 localizes to the division site in cells with a minimum SPB distance of 3µm in cdc15 + 272 cells. In contrast, in cdc15ΔSH3 mutants Gef1-tdTomato appears at the division site 273 with a minimum SPB distance of 7µm (Table 1) . Moreover, in cdc15 + cells 61% of cells 274 in anaphase B displayed Gef1-tdTomato at the division site, while in cdc15ΔSH3 275 mutants only 12% of anaphase B cells showed Gef1 localization (Table 1) . While Gef1 276 localization to assembled rings is initially impaired in cells expressing cdc15ΔSH3-GFP, 277 all constricting rings have Gef1-tdTomoto (Table 1) . This suggests that Cdc15 may 278 either initially stabilize Gef1 or promote its localization to the division site. Gef1 and Cdc15 is specific to cytokinesis, or whether it is also observed during 
cdc15-27A enhances Gef1 localization at cortical patches and division site 310
Gef1 is predominantly a cytosolic GEF, at least during interphase, and only transiently 311 localizes to sites of polarized growth (DAS et al. 2015) . Given that Cdc15 promotes the 312 recruitment of Gef1 to the division site, we asked whether it may also promote its 313 localization to the sites of polarized growth, as suggested by the polarity phenotypes 314 exhibited by cdc15 mutants. While Cdc15-GFP is clearly visible at endocytic patches at 315 the cell tips, Gef1-tdTomato is seldom observed (Fig. 5A, i) . The non-phoshorylatable 316 cdc15-27A mutants tagged to GFP show increased localization at cortical patches 317 during interphase. Correspondingly, in cells expressing cdc15-27A-GFP, Gef1-318 tdTomato is readily observed at the cell cortex ( Fig. 5A, ii, iii) . Moreover, we also 319 observed colocalization of Gef1-tdTomato and cdc15-27A-GFP at the cortical patches 320 (Fig. 5A , v, red arrow). Interestingly, in addition to these colocalized patches, some 321 regions of the cortex contain only Gef1-tdTomato or Cdc15-GFP ( Fig. 5A , iv, green and 322 orange arrowheads respectively). Next, we asked if Cdc15 also promoted Gef1 323 localization to the division site. We observe Gef1-mediated Cdc42 activation at the 324 division site well before Gef1 itself is detectable (Fig. 1A ). Similar to a previous report, Cdc15 promotes Gef1-mediated Cdc42 activation 346 Given that Gef1 precociously localizes to nodes at the division site of cells expressing 347 cdc15-27A, we asked whether this was concomitant with precocious Cdc42 activation.
348
Normally Cdc42 activity, visualized by CRIB-3xGFP, first appears at the division site 349 only after the cell initiates anaphase A (WEI et al. 2016). However, we find that in cdc15-
350
27A mutants, CRIB-3xGFP signal was visible at the cell medial region, even before the 351 Sad1-mCherry labelled SPB separated. In these cells CRIB-3xGFP signal appeared as 352 a broad band that overlapped with the nucleus (Fig. 6A) Supplementary Fig. S1 ). Further, similar to previous reports, in cdc15 + cells CRIB-358 3xGFP signal at the division site appears concurrent to loss of signal from the cell tips. 359 We find that in cdc15-27A mutants, CRIB-3xGFP signal at the division site appears well 360 before the signal is lost from the cell tips ( Fig. 6B, yellow asterisk) . While CRIB-3xGFP 361 signal at the cell medial region in clearly detected in cells with a single SPB by still 362 imaging, we did not detect CRIB-3xGFP signal at the division site prior to SPB 363 separation by time lapse imaging. This could be due to low abundance or 364 photobleaching of the signal, or it is possible that Cdc42 is only transiently activated at 365 the medial region during interphase in cdc15-27A cells.
366
Finally, we asked if the premature CRIB-3xGFP signal at the division site and the 367 increased bipolarity observed in cdc15-27A mutants was due to Gef1-mediated Cdc42 368 activation. To test this, we deleted gef1 in cdc15-27A mutants. While cdc15-27A 369 mutants display an increased number of bipolar cells, the number of bipolar cells in the 370 gef1∆ cdc15-27A double mutant was significantly reduced (p<0.0001) and similar to that 371 observed in gef1∆ mutants (Fig. 7A, 7C ). Furthermore, cdc15-27A cells display an 372 increase in bipolar CRIB-3xGFP localization at the cell tips, relative to cdc15 + cells ( Fig.   373 7B, 7D, p=0.039). This is consistent with our calcofluor data, indicating that bipolar 374 growth is enhanced by cdc15-27A. Deletion of gef1 in cdc15-27A mutants reduces 375 bipolar CRIB-3xGFP localization, similar to that observed in gef1Δ cells (Fig. 7B, D,   376 p<0.0001). Likewise, premature Cdc42 activation at the division site in cdc15-27A 377 mutants is also abrogated in gef1Δ cdc15-27A cells. In gef1Δ cdc15-27A mutants CRIB-378 3xGFP did not appear at the division site until ~45minutes after SPB separation, as was 379 also observed in gef1Δ ( Fig. 7E; Supplementary Fig. S1 ). Together, these results before the nodes fully coalesce to form the ring. Given that Gef1 is a low abundance 396 protein, it is possible that Gef1 may be present at quantities beneath our detection limit 397 at the cortical nodes during the initial stages of ring assembly.
P o la r iz e d g r o w t h p h e n o t y p e s
398
Given the timing of Cdc42 activation, Gef1 appears to be recruited late during the ring 399 assembly process. Thus, we looked at other proteins that are likewise recruited to the 400 cytokinetic nodes during a similar time frame. It has previously been reported that the F- . It is possible that like Cdc15, Imp2 414 may also recruit or stabilize Gef1 at the division site. 415 We have previously reported that the β-1,3-glucan synthase Bgs1, the septum we show that precocious Gef1 localization results in premature Cdc42 activation.
471
Finally, we show that the cdc15 mutant phenotypes, which arise from the mis-regulation 472 of Cdc42, are gef1-dependent. While cdc15-27A cells are mainly bipolar, loss of gef1 in 473 these cells reverts to the gef1Δ monopolarity phenotype. Cdc42 activation at the 474 division site is also delayed in cdc15-27A gef1Δ. Together these results indicate that 475 gef1 is epistatic to cdc15. 476 The mechanistic understanding of factors that control Gef1 localization is sorely lacking.
477
Aside from the observation that the N-terminus of Gef1 is required for its localization to 
